Eukaryotic translation elongation factor 1A (eEF1A) 
Introduction. Eukaryotic translation elongation factor 1A (eEF1A) is a guanine nucleotide-binding protein which provides correct recognition of mRNA codon by tRNA anticodon on the ribosome. Besides its main role in translation, eEF1A may be also involved into other cell processes, such as signal transduction [1] , cytoskeleton organization [2, 3] , as well as apoptosis [4] , carcinogenesis [5, 6] , virus infection [7] , diabetes [8, 9] .
Recently more data on participation of eEF1A in carcinogenesis appear. In particular, the connection between eEF1A and oncogenesis was found at human prostate carcinoma research [10] . Dominant oncogene was found in tumor tissues, which was later called PTI-1(prostate tumor inducing gene-1 (Fig.1 ) [11] . Therefore, PTI-1 oncogene can code a protein with 398 a.a., which is the homologue of eEF1A. As the sequence absent in PTI-1 comparing to eEF1A is a part of GTP-binding site of translation elongation factor, it is logical to suppose that this modification may lead to changes in PTI-1 functioning compared with eEF1A.
Minding the mentioned above, the hypothesis has been put forward that PTI-1 represents the new oncogene class, the transformational properties of which may be mediated by the following mechanisms: 1) action on the translation accuracy, resulting in synthesis of "wrong" polypeptides, , in particular, the regulatory ones, which could effect tumor development [12] ; 2) influence on cytoskeletal proteins due to the changes in a known ability of eEF1A to interact with actin and tubulin; 3) the changes in one or several 187 A.P. Pogribna, B.S. Negrutskii, A.V. Elskaya different pathways of signal transduction possibly involving PTI-1 as a G-protein [13] .
It is known that eEF1A mutations may have direct influence on the reading frame shift and the increased incorporation of wrong amino acids in Sacharomyces cerevisae. For example, the substitution of only one amino acid in eEF1A sequence changes the level of selectivity and correct codon-anticodon interaction of aminoacyl-tRNA in the process of translation [14] . Therefore, the appearance in tumor cells of eEF1A homologue, which is coded by PTI-1, seems to be the reason for decrease of translation accuracy. The goal of this work was to test principal possibility of PTI-1 analogous protein to affect the translation accuracy and therefore, to investigate whether the protein is capable of increasing the misincorporation of leucine by ribosomes programmed with poly(U).
Materials and Methods. eEF1A and eEF2 preparations were obtained from rabbit liver as earlier described [15] . Preparations of rabbit liver ribosomal subunits and of bovine liver total tRNA were obtained as in [16] .
Limited tryptic cleavage of rabbit liver eEF1A was performed as earlier described [15] .
Aminoacylation of total tRNA was performed in the buffer -30mM imidazole, pH 7.5 (Sigma, USA); 5mM MgCl (Fig.1) , eEF1A, modified by tripsin, was used as a model of PTI-1 protein.
We have determined that DeEF1A, regardless of the absence of 1/3 GTP/GDP-binding domain, preserved its functional activity in GTP, GDP, and tRNA binding to some degree, as well as it could maintain poly(U) translation in cell-free translation system, obtained from individual components [15] . The task of current work was to determine whether the presence of PTI-1 analogue protein in cell-free translation system influences the ability of the system to misincorporate leucine instead of phenylalanine during poly(U) translation.
Unlike in our early experiments [15] , where the preparation of individual phenylalanine yeast tRNA was used for the measurement of the DeEF1A translational activity, in this work we used the preparation of total tRNA of bovine liver as this preparation contained tRNA Phe and tRNA Leu which is the obligatory condition for the translational errors study in the poly(U) translational system. The optimal concentration of eEF1A or DeEF1A for poly(U) translation was determined (Fig. 2) . It is important to state that, while using both yeast and bovine liver tRNA, even the addition of DeEF1A extra amounts did not allow increasing the activity of cell-free translational system to the level which was observed in the presence of the native eEF1A, i.e. the splitting of almost 1/3 of GTP-binding eEF1A domain led to partial loss of the eEF1A activity as judged by estimation of the translation kinetics.
The kinetics of poly(U) translation with the participation of eEF1A and DeEF1A was studied (Fig.3) using total tRNA aminoacylated with [ It is known that leucine misincorporation into poly(U) translation product in cell-free protein-synthesizing systems form Escherichia coli [17] and wheat germs is induced by the increase in Mg 2+ ions concentration [18] . However, since the optimal MgCl 2 concentration for translation error study in the protein-synthesizing system of higher eukaryotes remained not determined, we investigated the influence of Mg 2+ concentration on the phenylalanine and leucine incorporation into the product of poly(U) translation (Fig.4) . The highest level of leucine misincorporation during poly(U) translation in this system was observed at MgCl 2 concentrations from 12 to 14mM. The translation error index was determined as the ratio of misincorporated leucine to incorporated phenylalanine. The incorporation of amino acids into TCA-insoluble product was studied at initial rate of poly(U) translation by 80S ribosomes. 4min incubation time fulfilled completely the initial rate conditions and allowed obtaining the sufficient amount of radioactivity in TCA-precipitate. The experimental results are shown in the Table. As it is seen, the replacement of eEF1A for DeEF1A in the translation system leads to almost 6 times increase in the level of translation errors.
Therefore, the obtained data are in favor of the hypothesis considering the possibility of translational errors induction at the presence of the PTI-1 protein product. It is not excluded, that such mechanism may explain known translation errors increase during oncogenesis [10] .
As it was mentioned above, first 67 amino acid residues are absent in PTI-1 protein in the comparison to eEF1A. How can it influence the translation errors? On the example of yeast eEF1A mutagenesis the involvement of amino acid residues Asn153 and Asp156 [20] , as well as Glu122 and Thrl42 [21] , to the control of accuracy has been shown. It is interesting that according to the X-ray analysis data, all these residues are located near or participate directly in the formation of GDP-binding "pocket" of eEF1A. These residues provide the interaction with GDP guanine ring, at the same time, on the basis of X-ray analysis, amino 189 A.P. Pogribna, B.S. Negrutskii, A.V. Elskaya th eEF1A residues [22] , i.e. those amino acids that are not present in DeEF1A or in PTI-1 protein. It is logical to assume that if this part of GDP-binding site is absent in DeEF1A, then the affinity of the mentioned protein for GDP be decreased. That notion is supported by our data and the data of scientific literature [15, 23] . Therefore, the decreased GDP/GTP binding capability of the PTI-1 protein may contribute to the increase of error level.
Therefore, we show for the first time that the loss of the part of GTP-binding domain, responsible for binding of the GTP/GDP phosphate groups, may be important for correct eEF1A functioning in translation. The results of work show that DeEF1A, used as a model of PTI-1 protein product, is capable to participate in the protein biosynthesis in vitro, however causing the increase in misincorporation of amino acids by ribosomes. Therefore, it could not be excluded that the appearance of the PTI-1 protein in tumor cells may lead to the synthesis of erroneous proteins with altered functions or no function at all. This is in favor of translational mechanism of the PTI-1 oncogene participation in carcinogenesis.
Elucidation of the possible participation of PTI-1 in the induction of translational errors in vivo is the task for further investigations.
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